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2、利用 EC-SHINERS 技术原位追踪 Viologen 分子 HS-8V8 在 Au(hkl)上的
氧化还原过程。实验结果显示，因为不同的单晶面具有不同的介电常数，所以






















SERS has gained great attention in the field of bioscience and environmental 
sciences due to its sensitivity and molecular specificity. However, there are still two 
main limitations regarding the applications of SERS, lacking of material generality 
and morphology generality, which makes SERS cannot be applied on a smooth 
surface, such as single crystal electrode surface. In 2010, our group invented a novel 
method called shell-isolated nanoparticle-enhanced Raman spectroscopy (SHINERS), 
that is, ultrathin silica shells coated Au nanoparticles. In this technique, the Au core 
work as an amplifier to enhance Raman signals from the molecules nearby. The 
ultrathin inert silica shell avoids direct contact from the probe molecules or 
environment. 
In this thesis, we combined electrochemistry with SHINERS to study the 
adsorption behavior of molecules at single crystal electrode, such as two different 
types of molecules. 
1. For the first time, we used the EC-SHINERS technique to in situ characterize 
the adsorption behavior of DNA bases on atomically flat Au(111) electrode surfaces. 
The spectroscopic results of the various molecules reveal similar features, such as the 
adsorption-induced reconstruction of the Au(111) surface and the drastic Raman 
intensity reduction of the ring breathing modes after the lifting reconstruction due to 
the photo-induced charge transfer mechanism. 
2. EC-SHINERS was used to study the adsorption and redox transformation of a 
resonant molecule viologen HS-8V8H at Au(hkl) single-crystal electrodes. In this 
experiment, Facet-dependent SERS enhancement was observed, which results from 
the different imaginary part of the dielectric function on Au(111), Au(100) and 
Au(110), and the result was Au(110) > Au(100) > Au(111). Furthermore, a nonlinear 
resonant Raman process has been directly observed in our experiments, which is 





































    自 1928 年由印度的物理学家 C. V 拉曼发现拉曼效应以来[1]，拉曼光谱学在





图 1-1 瑞利散射和拉曼散射图。 


























态，然后回到基态 v1，其中释放的光子能量为 h(v0-v)，这样的非弹性散射过程 
 
图 1-2 光学过程示意图。 
Fig. 1-2 Schematic diagram of optical process. 
 
则称之为斯托克斯拉曼散射过程；同样的，当处于基态 v1 的分子跃迁到虚态，

































是红外的 10-6 倍，荧光的 10-14 倍。因此，拉曼光谱的检测灵敏度非常低，只能
检测一些固体物质或者高浓度的液体物质，从而极大的限制了拉曼光谱在实际体
系中对于痕量物质的检测方面的应用。 
    直到 19 世纪 70 年代，Fleishmann 和 Van Duyne 等人发现了表面增强拉曼光
谱技术（Surface-enhanced Raman Spectroscopy，SERS），以上现象才得到了改善。 
1.2 表面增强拉曼光谱 









1.2.1 SERS 的增强机理 
自 SERS 发现以来，迄今已有四十多年，SERS 技术已经被广泛地应用在环
境科学[6-10]、生物医学[11-15]等各个领域之中，然而对于 SERS 增强机理的解释，
目前普遍认同的有化学增强机理（chemical mechanism，CM）和电磁场增强机理
（electromagnetic mechanism，EM）。在大部分的 SERS 体系中，电磁场增强机理
起到主要的作用。但是在电化学体系的研究中，化学增强也起到至关重要的作用。
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